Abstract: Take the third-party logistics providers (3PLs) as an example, according to the characteristics of correlation between attributes in multi-attribute decision-making, two Choquet aggregation operators adoping probabilistic neutrosophic hesitation fuzzy elements (PNHFEs) are proposed to cope with the situations of correlation among criterions. This measure not only provides support for the correlation phenomenon between internal attributes, but also fully concerns the incidental uncertainty of the external space. Our goal is to make it easier for decision makers to cope with this uncertainty, thus we establish the notion of probabilistic neutrosophic hesitant fuzzy Choquet averaging (geometric) (PNHFCOA, PNHFCOG) operator. Based on this foundation, a method for aggregating decision makers' information is proposed, and then the optimal decision scheme is obtained. Finally, an example of selecting optimal 3PL is given to demonstrate the objectivity of the above-mentioned standpoint.
Introduction
In the process of enterprise development, business leaders often encounter various multi-criteria decision-making (MADM) situations. In order for a company to survive in today's increasingly competitive real life, decision makers (DMs) must decide on the best solution when encountering MADM issues [1, 2] . Therefore, how to effectively make optimal decisions in the MADM problems has become an emergency problem that global enterprises urgently need to solve. Establishing and perfecting research methods to suitable for MADM situations has attracted more and more attention from DMs [3] . The key to MADM is to choose the appropriate decision theory and computer software to aggregate the information of DMs and make the best decision in the decision process according to relevance of the information. In order to choose the optimal solution, different MADM schemes have been established to increase the development and competitiveness of enterprises. Since the most common feature in decision information is the ambiguity of the information. Therefore, some related researches based on fuzzy information have been proposed [4] [5] [6] [7] [8] [9] [10] [11] [12] .
In reality, there is a correlation among attributes in the process of MADM. In addition, some researchers have begun to pay attention to this issue. For example, Brito et al. [13] proposed a new-type multi-criteria model based on the Choquet integral and epistemic mapping technique
Preliminaries
Some basic definitions can be referred to [3, 23, 37, 38, 44] .
Definition 1.
A NHF set (NHFS) in a reference domain X set is depicted by: N = { x,t(x),ĩ(x),f (x) |x ∈ X} in whicht(x) indicates that a set includes some truth-membership hesitant degrees of x,ĩ(x) indicates that a set includes some indeterminacy-membership hesitant degrees, andf (x) indicates that a set includes some falsity-membership hesitant degrees. The following conditions are held: δ ∈t(x), γ ∈ĩ(x), η ∈f (x), 
T(x)|P T (x), I(x)|P I (x) and F(x)|P F (x) describes three components of N, T(x), I(x) and F(x) is depicted the three types hesitant degrees of x. P T (x), P I (x) and P F (x) describe the corresponding probability of T(x), I(x) and F(x), The conditions that need to be held:
α ∈ T(x), β ∈ I(x), γ ∈ F(x), α, β, γ ∈ [0, 1], max{α} + max{β} + max{γ} ∈ [0, 3];
#t, #ĩ and #f describe the cardinal number of
Definition 3.
A normalized PNHFE N satisfies the following conditions:
PNHFEs, some basic algorithms are defined by: 
Fuzzy measure µ satisfies property, ∀Y 1 ,
Then, µ is described a λ-fuzzy measure.
Theorem 1.
A λ-fuzzy measure µ in a discourse Y = {y 1 , y 2 , · · · , y n } satisfies the following formula:
Since µ(Y) = 1, parameter λ can be determined by
Definition 6. f is a real function on Y = {y 1 , y 2 , · · · , y n }. The Choquet integral about fuzzy measure µ is depicted by:
PNHFSs and Aggregation Operators
The PNHFCOA and PNHFCOG operators are proposed in this section. Some basic properties are verified.
The Comparison Method of PNHFEs
When we describe decision information with PNHFS theory, a comparison method of PNHFEs is necessary. Thus, a approch of ranking PNHFEs is established.
Definition 7.
Supposing that N = {T|P T , I|P I , F|P F } is an PNHFE, then the score function of the PNHFE is expressed by the following formula:
Definition 8. Supposing that N = {T|P T , I|P I , F|P F } is an PNHFE, then we can find the deviation function D(N):
The distance from the score valued in the PNHFE N is described by the deviation function. Thus, the deviation value is called a consistency indicator of the PNHFE N. The higher value of D(N), the lower consistency of N. Based on Definitions 7 and 8, a method for ranking two PNHFEs is developed. Definition 9. For PNHFEs N 1 and N 2 , the sort of N 1 and N 2 is determined by:
The PNHFCOA Operator and PNHFCOG Operator
This section constructed the PNHFCOA operator and PNHFCOG operator under the probabilistic neutrosophic environment, and some basic properties are investigated. In this section, µ describes a fuzzy measure on a domain X, k = 1, 2, · · · , n.
an PNHFE in a reference set X. Then, the PNHFCOA operator is expressed by the following formula:
where P
and P
are corresponding probability data of
Proof. The mathematical induction can be utilized.
(1) When n = 1, we have the following equation by Definition 10:
Obviously, PNHFCOA{N 1 } is an PNHFE. (2) When n = 2, we have
, β
}.
Thus, we know PNHFCOA{N 1 , N 2 } is an PNHFE. (3) When n = k, Equation (9) is true, and we have
Thus, the next formula is obtained, n = k + 1,
Thus, for any n, the conclusion is right.
Next, when the fuzzy measure satisfies different conditions, different types of PNHFCOA can be obtained.
) is independent, the PNHFCOA operator is described an PNHFWA operator,
(4) Assume the condition µ(x π(k) ) = 1 n , the PNHFCOA operator and PNHFWA operator reduce to the PNHFA operator,
. By Definition 10, the following inequality is obtained:
Then, by Definitions 7 and 9, the result is proved
Proof. ∀N k , we know:
Thus,
For the probabilities, it is easy to get
Therefore, we have:
By Definitions 7 and 9,
Similarly, we can get 
Proof. When P 1 , P 2 , P 3 ∈ {1}, we have the following equation:
Based on Definition 10, it is expressed by the following formula: 
Proof. Based on Definition 10, the result is easy to get.
Then, the PNHFCOG operator is described by the following formula:
Theorem 7. Suppose that N k indicates an PNHFE, PNHFCOG(N
Similarly, the fuzzy measure satisfies different conditions, different types of PNHFCOA can be obtained.
(1) Assume µ(F) = 1, then
) is independent, the PNHFCOG operator indicates an PNHFWG operator:
(4) Assume the precondition µ(x π(k) ) = 1 n , the PNHFFCG operator and PNHFWG operator reduce to the PNHFG operator:
Theorem 8. By analyzing the PNHFCOA operator, we can obtain the following theorems, obviously.
. Then,
Lemma 1. By reference [37] , if
Proof. Based on Lemma 1, Definitions 10 and 11, the following formula is obtained:
Obviously,
Similarly, we know
Thus, based on Equation (4) and Definition 9, N 2 , . . . , N n ).
A MADM method in PNHF Environment
For a MAMD problem under the PNHF environment, assume Based on these necessary prerequisites, we elicit specific steps.
•
Step 1. Construct a PNHF decision matrix (PNHFDM) E = (N ij ) m×k .
Rank all PNHFEs from smallest to largest according to Definition 9. Then, the reorder decision matrix can be obtained such that N iπ (1) 
•
Step 2. Calculate µ j of criterion D j .
In order to consider more interrelationships among criteria, by taking the g λ fuzzy measure, the measure µ of each criterion could be determined.
Step 3. Based on the goal, select a PNHFCOA (PNHFCOG) operator to aggregate all PNHFEs Z i (i = 1, 2, · · · , n).
When we need to consider the group's major points, the PNHFCOA operator should be utilized. However, the individual major points could be emphasized based on the PNHFCOG operator. Thus, different types of operators can be used based on the different demands.
Step 4. Reorder the alternatives By the valued of S(N i ), D(N i ) and Definition 9, all the Z i are ranked in decreasing order, DM picks an optimal option Z i .
The Program of the Proposed Approach
Choosing the suitable 3PL plays a key role in business development, like improving efficiency and reducing costs, improving market share and service quality. ABC Machinery Manufacturing Company Limited as an automotive manufacturing company. The decision maker needs to select an optimal third part logistics supplier. There are four possible logistics suppliers that are denoted as 
Step 1. Calculate the score values of all Z i . The results are depicted in Table 2 .
Thus, we can get reordered PNHFDM E . Because of space constraints, the decision matrix E is omitted.
•
Step 2. Since the information of fuzzy measure is µ(
. By Equation (3), we get λ = −0.2317. Thus, taking Z 1 as an example, we can get
Step 3. Utilizing the PNHFCOA operator, by Equation (9), we can get
Step 4. Rank the PNHFEs by Definition 9,
The 3PL Company Z 1 is an optimal option.
Next, suppose that the PNHFCOG operator is utilized to solve this problem. Similarly, the score value of alternative A i is obtained:
Thus, the final ranking of alternatives is determined, as follows:
The 3PL Company A 1 is an optimal option. 
Comparison with Other Approaches
Based on the same problem background, the comparison results are described.
Wu's method emphasizes the individual (group's) major points, which utilize the MADM problems with a simplified neutrosophic environment.
Peng put forward the TOPSIS-based QUALIFIEX method and the cross-entropy measurement to manage MADM situations with probability multi-valued neutrosophic elements. Then, the effectiveness of this method is demonstrated by an illustrative example.
However, in many actual problems, attributes are not independent. But by comparing the above methods, the association between attributes is not considered. However, attribute correlation is considered in our proposed method. The decision results are more reasonable and effective. The final results by different approaches are indicated in Table 3 . Table 3 . Choice of optimal result.
Method

Sort of Results
Optimal Alternative Worst Alternative
Through the above analysis, the DMs' evaluation information is represented by PNHFEs. PNHFEs are more flexible in describing the hesitant MADM information and reporting the probabilistic values of all hesitant values. The Choquet integral and aggregation operators are integrated in our method. Next, the alternatives' information is aggregated and ranked. In this model, the interrelationship between attributes are involved by Choquet integral. The MADM problems are effectively resolved by utilizing interdependencies or interactions between attributes. The results are closer to the actual situations.
Conclusions
Firstly, our goal is to aggregate the PNHF information by the notion of PNHFS. By applying the Choquet integral, the weight information is extended, more information about the correlation between attributes is mined. The advantage of PNHFS is that it can explain the preferences of DMs without information loss. By investigating, we found both of the PNHFCOA and PNHFCOG operators satisfying the following characteristics: monotonity, boundedness, idempotency and commutativity. Those operators can reduce to some common aggregation operators. Moreover, those aggregation operators were used to an PNHF background, where fuzzy measure of attributes are recognized. All alternatives are reordered and choose an optimal option. Next, we present an illustrative situation to explain the objectivity of our method. The result received by the PNHFCOA and PNHFCOG operators are effective and flexible. The results are more suitable for the actual situations, because more information can be considered based on our method. Thus, when some uncertain problems or inconsistent and indeterminate information needs to be resolved, our proposed approach shows great advantages. In regard to the next jobs, more types of aggregation operators are investigated and applied in other practical situations, like medical diagnoses, group decision-making, risk evaluations, and fractal-wavelet modeling [46] [47] [48] [49] [50] .
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